On the Construction of the Self registering Thermometer Apparatus.
the two thermometric instruments to be registered by one apparatus and on one piece of paper, was at first open to a grave objection, which has however subsequently been entirely removed. The pencil of rays incident on the stem of the thermometer must necessarily be a fan-shaped pencil, by the oblique rays of which the points corre sponding to each degree would not be transferred to the respectively opposite points of the paper. If the surface of the cylinder were always parallel to, and equidistant from, the stem of the thermometer, this distortion of the scale would be constant and uniform, and therefore readily estimated; but from the unavoidable imperfections in form and variations in size of the different cylinders employed, it would be extremely difficult to estimate correctly the distortion of the scale, and hence to infer the true temperature from the register. And this uncertainty would have been especially felt at very low temperatures, when the place of the mercury is impressed by the most oblique rays on the paper, and when small errors of relative temperature would largely affect the deduced hygrometric condition of the atmosphere. This difficulty has been obviated by enabling the apparatus to print continuously the scale of the thermometers, as well as to indicate the position of the mercury. This has been effected by placing fine wires, opposite to each degree, across the aperture in the scale frame, through which the light is transmitted to the stem of the instrument. By these wires a minute portion of the exposed paper is protected from light, and thus the darkened portion of the register is traversed by a series of parallel lines, corresponding with the scale of the thermometer. In order to remove any ambiguity in the reading of this scale, a coarser wire is placed at every ten degrees, and an additional coarse wire at the points 32°, 54°, 76° and 98°; as one of these points may always be made to appear on the register, the relative position of the extra coarse wire will determine the point of the scale which it represents.
It may here be mentioned that the wet bulb, although more than 6 inches in length, is kept perfectly saturated by being moistened at three different points by small bundles of lamp-cotton placed round the muslin covering of the bulb, and immersed in a vessel of water placed nearly opposite its middle point.
It is very evident that the apparatus must afford some ready method of marking the time-scale on the paper, that is, of identifying any given epoch of time with the indica tions of the register: this is effected by closing at any two known times the sliding doors of the cylindrical case, for five minutes, and then re-opening them. Two undarkened lines will be observed on the paper, corresponding to the known times; the intervening space being subdivided by the elastic scale, the time-scale is rendered complete*.
It may also be remarked, that in all the other photographic registers obtained at the Royal Observatory by the instruments previously described, the only certain me thod of marking the time-scale is found to consist in breaking the continuity of the line at a known epoch : this is effected by a piece of brass similar to one side of a * As a facsimile of a photographic diurnal register will be found in the Greenwich Magnetical and Meteo rological Observations for 1837, it is unnecessary to introduce it in this pl^is* parallel ruler, placed edgewise, one of the connecting pieces being prolonged and passing down through the stand to act as a lever, by which the parallel moving piece is raised between the cylindrical lens and the cone of the cylinder, so as to intercept the pencil of light which traces the register line. The light is usually excluded for 5m, admitted for l m, again excluded for 5m, and then re-admitted, the times of exclu sion, admission and re-admission being recorded. If, during the second passage of the tracing pencil of light over the paper, a break of six or eight minutes be made, without the intervening spot, it will be found a convenient method of distinguishing the two lines, in case of any ambiguity.
The scales of the thermometers in use have about 8° to 1 inch, from the registers of which the temperature may be readily read with certainty to less than a tenth of a degree. Of this scale, a space of about 60° may be illuminated at one time; and in order that the temperature indicated may always be within the field, the thermometers are capable of being raised or lowered by a screw, so as to bring the mean tempera ture of the season nearly opposite the middle of the paper: thus there is no probability that the record of any unusual and extreme changes of temperature will be lost.
In the description of the camphine lamp given in the first paper, previously referred to, the wick was stated to have been placed below the diaphragm in the chimney; it has since been found that there is another position in which equally perfect com bustion takes place, which is when the wick is raised to about an equal distance above the diaphragm; with this position of the wick, the liability to smoke is very materially diminished.
Equally good effects have recently been produced by gas, saturated with the vapour of coal naphtha, which renders the light much whiter and more intense. Without this addition to the gas the photographic paper is feebly affected during periods of rapid movement of the magnet. The light used is that of a small fish-tail burner, so made as to spread the gas as much as possible; the flame is placed edgewise towards the mirror, in which position the illumination of the mirror is the brightest.
The employment of these instruments is not however limited to localities in which either camphine or gas is accessible; for the barometer and thermometers, in which large and rapid movements of the tracing pencil of light are never required to be de picted, an oil-lamp will answer sufficiently well: and by the same means the ordinary diurnal variations of the magnetometers may be delineated ; but no opportunity has yet occurred of obtaining, by means of an oil-lamp, a register of the rapid move ments occurring during a considerable disturbance.
On a New Method of determining the Scale and Temperature Coefficients of Magnets used in observing the Changes of Magnetic
Force. It appears from the ordinary formula expressing the equilibrium of the bifilar mag net, that small changes in the amount of horizontal force will have the same effect in displacing the magnet, as small corresponding changes in the suspended weight. Having then carefully weighed the magnet, the mirror and the suspending frame, two small weights have been made, each equal to the -oVoth part of the whole weight. While the register is in action, one of these weights is placed on the torsion circle, and at an interval of time equal to that of one oscillation of the magnet, the second is added: if this be carefully done, the magnet will be very nearly at rest in its new position. After half an hour, or any convenient interval of time, the weights are re moved in the same manner; and this must be repeated sufficiently often to eliminate the error of reading by a finely divided scale the displacement of the register line. Half the scale reading of this displacement may therefore be taken as the value of 0*001 of the whole horizontal force. By this process the necessity of making several accurate linear measurements of the apparatus, and the errors that might arise there from, are avoided.
The following is the proposed method of determining the temperature coefficient. Let two magnets, one of them having a known coefficient, and that of the other to be now determined, be suspended in the bifilar method, at a distance of 15 feet from each other, the line joining their centres being a normal to the plane of the magnetic meridian. The torsion of the double threads should be in opposite directions, so that when the magnets are duly adjusted in equilibrium, in the line joining their centres, the similar poles may be towards each other.
The most convenient scale coefficient of the bifilar magnet, for the purpose of pho tographic registration, appears to be that which renders the angular value of the ordinary diurnal range nearly equal to the range of the declination magnet; the pulley over which the suspension thread of what may be called the standard magnet passes, being made of such a size as to give the required value to its scale coefficient, the distance between the threads of the other or trial magnet may be conveniently adjusted by a right-and left-handed screw (as in the suspension frame described in a former paper), so as to give a nearly equal value to its scale coefficient. The previously described arrangements for photographic registration being made, the registering apparatus is placed midway between the magnets, and by a few trials, the ratio of its distances from the magnets may be so arranged as to make their scale coefficients exactly equal. The magnets, having been previously protected by a coat of varnish, are suspended in water. The vessel made use of is a double zinc trough or box, the inner one being 18 inches long, 2 inches wide, and 4 inches deep, the outer one 3 inches longer and wider, leaving an equal space on all sides between the two, and half an inch deeper, with separate covers to each. For the standard magnet, the inner box only should be filled with water, the intervening space of air between the two tending to retard any variation of temperature of the water. For raising the temperature of the trial magnet, the outer box should be filled with warm water at such a temperature as will raise the water in the inner box to about 1 0 0° F a h r . For lowering it to 32° F a h r ., the outer box, or rather the space between the two, should be filled with a freezing mixture. The whole being allowed to cool gradually in the one case, and in the other to be raised gradually to the temperature of the atmosphere, the change of temperature will be found to be so slow, that the temperature of the magnet may be presumed identical with that of the water in which it is immersed. This is ascertained by a thermometer with a long cylindrical bulb reaching nearly from the top to the bottom of the vessel, by which means it is presumed that the average temperature of the water will be most nearly determined.
These arrangements having been made, a simultaneous register of the two magnets is obtained, during the progress of which, the temperature of the magnets must be ob served at recorded times, and at any convenient intervals of from a quarter of an hour to two or three hours, the intervals of observation being least at the highest and lowest temperatures of the trial magnet, when the change is most rapid. Having marked upon the register the epochs of observation, the differences between the changes of position of the lines at these points may be measured by a scale, and these differences will very accurately represent the scale-value of the changes of force due to the cor responding changes of temperature of the trial magnet; for ordinarily the tempera ture of the standard magnet may be considered constant during each of the intervals of observation.
A sufficient number of these differential scale-readings having been obtained, they may for reduction be conveniently arranged in five groups, between the temperatures 32°, 45°, 60°, 7^°, 90°, 100°. Denoting the differences of temperature by D, the mean temperatures of the periods of observation by M, and the scale-readings by R, the mean temperature of each group is found from the formula which may be represented by AK, K being the temperature coefficient. As it has been found convenient to reduce magnetic observations to the temperature of 32° F a h r ., let the excess of the above mean temperatures above that point be represented by t, and let x and yb e the coefficients of the first and second power of K ; then five equations will be obtained of the form AK=x-\-yt, which being solved by the method of least squares, will give probably correct values of x and y. From the form of the preceding equation, it follows that
The above method has been applied to determine the temperature coefficients of two bar-magnets marked C.B. VIII. and C.B. IX*. But as the premises on which the observations were made present the usual obstacles of a dwelling-house to the free action of magnetic instruments, namely, the large mass of iron contained in the grates, only one position could be found in which the effects of the most contiguous masses of iron would nearly neutralize each other: and in consequence of this difficulty, the register of the trial-magnet here obtained has been compared with that obtained simultaneously at the Royal Observatory; the result is therefore open to the objection of a possible difference in the changes of horizontal force at the two places. But it appears from a comparison of several photographic registers obtained simultaneously at Greenwich and in Keppel Street, some of which include periods of considerable disturbance, that a difference in the simultaneous changes of horizontal force in these two localities is very rarely perceptible. The annexed These equations, solved by the method of least squares, give £ = 13-0269; 3/ = 0'0685. By the method of weights described above, the scale value of 0001 of the total hori zontal force was found to be 25*27 sc. div., consequently the values of and y ex pressed in parts of force arê = 0 00051550; ?/ = 0-000002710.
As the effect of a small increase of weight in displacing the magnet is the same as that of a small corresponding diminution of force, when the correction is subsequently applied to the magnet suspended in air, the value of x above found must be dimi nished by a small quantity representing the effect of the increase of weight due to the weight of the water displaced by the magnet being diminished by expansion, as the temperature increases; this may be called the coefficient of expansion, and may be thus found.
Let wf s} b be the cubical expansions of water, steel and brass respectively, for 1° Fahr., then w;=0-0001500 (Ure) s = 0-0000204 (Smeaton) b =0-0000291 ; and if U be the weight lost by the magnet at 32° Fahr., and U' the weight lost at any observed temperature, 32°+/°, the value of U will be U'{ 1 + (w -s)/} =U'(1 +0-0001296 ;
and if V and V similarly represent the weights lost by the stirrup and end of the frame immersed, V=V'{L + («0 -6)*}=V'(1+0-0001209
Let W be the weight in air of the magnet and its appendages, then the coefficient of expansion for t° above 32° expressed in parts of the force will be
In the present instance the value of this coefficient is 0-00001022 t, or 0*00001/ nearly, and the value of x being diminished by this quantity, the whole temperature coefficient will be 0-00050528 /+0-000001355/2. The temperature coefficient of the bar (C.B. IX.) similarly determined is 0*0003822 /+0-000000947/2.
In both these instances, it will be seen that the temperature coefficient varies con siderably from the uniform law usually employed in the reduction of magnetic ob servations*; and as it is impossible to foresee what points of scientific interest in the investigation of magnetic changes may depend on the determination of small quan tities, and on the relation of magnetic variation in warm and cold climates, it may be considered not undesirable to ascertain, with the greatest attainable degree of accuracy, the temperature coefficients of all magnets to be employed in observing the changes of force. In the method here proposed, the magnet is under circum stances precisely similar to those which would exist when it is subsequently used in observation; it may therefore be considered less open to objection than the ordi nary method of deflection, by which the temperature coefficient is inferred from the mutual action of two magnets and the earth on each other. Amongst other sources of uncertainty in the latter method, may be mentioned the unexplained difference in the result that has frequently been observed, according as the marked or unmarked pole of the deflecting, has been turned towards the deflected magnet; arising pro bably from the unequal, and possibly variable, distribution of magnetism throughout the b ar; which conditions, if they really exist, will have precisely the same effect on the indications of the magnet when under trial, as they would have when it is in actual use. By introducing the differences only of the scale-readings into the calculation, large numerical quantities are avoided, as well as the necessity of adopting a zero point, or scale-reading corresponding to no deflecting force.
